for researchers who are employed by universities and other publicly funded institutions. The Canadian Institutes of Health Research (the federal agency that is the largest funder of medical and public health research in Canada) has defined knowledge transfer as "the exchange, synthesis and ethically-sound application of knowledge within a complex system of relationships among researchers and users," where "users" may be other researchers, policy makers or decisionmakers (e.g., program planners or managers), health care providers, the general public and its representatives, or the private sector. Knowledge transfer thus encompasses many activities-for example, promoting the use of research findings by health care organizations (e.g., Anderson et al. 1999) or producing and presenting research syntheses in an effort to inform the work of policy makers (e.g., Bogenschneider et al. 2000) -and a correspondingly broad range of specific practices, such as writing plain language summaries of findings, developing presentations targeted to specific audiences, training users in the skills needed to understand and critically appraise research, spending time with potential users to understand their contexts and needs, and working with users to develop research projects that will be meaningful to them (Lavis et al. 2003) .
A quarter century's worth of research on knowledge transfer, particularly in the field of policy development, has led to several models of the process. The "science push" or knowledge-driven model conceptualizes it as a unidirectional and logical flow of information from researchers to policy makers resulting in specific policy decisions (Landry, Amara, and Lamari 2001; Weiss 1979) , while the "demand pull" or problem-solving model views the process as occurring through the commissioning of information from researchers by policy makers with the intent of addressing a well-defined policy problem (Landry, Amara, and Lamari 2001; Weiss 1979) . The interactive model construes knowledge transfer as a reciprocal and mutual activity, one that involves researchers and users in the development, conduct, interpretation, and application of research and research-based knowledge (Landry, Amara, and Lamari 2001) .
Common across these models is the recognition that "the exchange, synthesis and . . . application" of research-based knowledge requires active engagement between researchers and users (Huberman 1990; Lomas 2000) . Failure to transfer knowledge has been attributed to the "two communities" problem-an explanation that points to cultural differences between researchers and users as barriers to such engagement (Caplan 1979 ). Wingens's (1990) critique of the two communities theory suggests a reconceptualization of these barriers, one that shifts attention to the "functionally differentiated social systems" (p. 32) of researchers and users and the ways in which such systems impose "conditions and constraints which are beyond [researchers' and users'] individual acceptance, realizations, and negotiations" (p. 33). Similarly, Frenk (1992 Frenk ( , 1397 conceptualizes research organizations as "complex institutions" that struggle to "balance two fundamental values: excellence and relevance" in their missions and procedures. Both Wingens and Frenk emphasize structural impediments to knowledge transfer-policies and practices that create barriers not only between researchers and users but also within the organizations that house them.
Organizational Barriers to University-Based Researchers' Engagement in Knowledge Transfer
As part of a needs assessment for the development of a course in knowledge transfer, our research group conducted focus groups with researchers employed by a university-affiliated health sciences centre (Goering, Butterill, Jacobson, Buckley, and Haber 2003) . Most of the participants were doctorally prepared, and all held appointments in a university faculty of medicine. In a wide-ranging discussion about the perceived advantages and disadvantages of becoming involved in knowledge transfer activities, participants were particularly passionate about the risks posed to an academic career by making a major commitment to knowledge transfer. According to the focus group participants, the activities that make up much of the work of knowledge transfer-outreach, building partnerships with nonacademic organizations, and plain language communication-are not widely accepted as legitimate forms of scholarship. Thus, researchers who devote time and energy to these activities risk having them discounted when they are judged for promotion and tenure. If they wanted to be successful and still do knowledge transfer work, our participants believed that their only choice was to do traditional research and knowledge transfer, a prospect that appeared quite daunting.
Although there has been little empirical scholarship examining the issue of barriers to knowledge transfer in academia, the knowledge transfer literature often presents information about such barriers anecdotally, in the context of research dealing with theory and practice. A review and analysis of a sample of this literature echoes much of what we heard in our focus groups, and has led us to identify some of the barriers faced by researchers working within academic environments.
Chief among the barriers described in the literature is the reward and incentive system of the academy (i.e., promotion and tenure), a system that, in general, continues to value traditional types of within-group activity (e.g., publication in peer-reviewed journals, presentation at disciplinary conferences, receipt of research grants from federal agencies) over the more broadly directed outreach and production activities associated with knowledge transfer (Bogenschneider et al. 2000; Coburn 1998; Crosswaite and Curtice 1994; Henke 2000; Huberman 1983 Huberman , 1990 Shaperman and Backer 1995; Tornquist and Hoenack 1996) . The value placed on traditional academic output, in combination with the limited number of hours in a day, causes knowledge transfer to be ranked low on the priority scales of individuals and academic units (Bogenschneider et al. 2000; Coburn 1998; Davis and Howden-Chapman 1996; Frenk 1992; Huberman 1994; Landry, Amara, and Lamari 2001) . The low priority means that few researchers receive training in or have experience doing knowledge transfer (Coburn 1998; Henke 2000; Huberman 1990 Huberman , 1994 , and that little money is available to cover the monetary costs associated with transfer-related activities (Bogenschneider et al. 2000; Coburn 1998; Crosswaite and Curtice 1994; Davis and HowdenChapman 1996; Stevens and Bagby 2001) . Several authors report the detrimental effect of lacking administrative support and other resources for the most practical and mundane aspects of knowledge transfer-making contacts, coordinating meetings, and so forth (Huberman 1983; Johnson 1980) . In some fields, the degree of specialization and disciplinary norms that emphasize esotericism in problem identification and communication make knowledge transfer difficult, if not impossible (Frenk 1992; Henke 2000) . Finally, confidentiality concerns (particularly when engaging with the private sector) and editorial policies may hinder researchers' ability to share research in a timely manner (Crosswaite and Curtice 1994; Shaperman and Backer 1995; Stevens and Bagby 2001; Tornquist and Hoenack 1996) .
The University in Context
These organizational barriers originate in the particular history of the university as a setting for knowledge production. In North America, universities existed largely as teaching institutions until the years between World Wars I and II, when research began to play a larger role (Geiger 1991) . Following World War II, a new research economy emerged as governments and industry increased their funding for university-based "programmatic" research-particularly in scientific and technical fields (Geiger 1991) . The heavy public investment in university-based research was both a cause and an effect of Jacobson et al. / KNOWLEDGE TRANSFER ACTIVITIES 249 what sociologists Parsons and Platt (1973, 48) call the "cognitive complex"-in which universities served as "intelligence banks" that received public funds in exchange for contributions "toward the welfare and value implementation of society" and came to wield power and influence based largely on the "relevance"-or social utility-of these contributions. The cognitive complex of the mid-twentieth century maintained the traditional autonomy of the academy-in particular, it allowed scholars to determine their own research agendas and made individual academics accountable not to society or even their institutions, but to their own disciplines (Parsons and Platt 1973 )-but contemporaneous observers worried that the balance between this autonomy (the "ivory tower") and relevance was a precarious one (Blau 1973; Parsons and Platt 1973) .
More recently, that balance has indeed shifted. In the latter part of the twentieth century, concurrent with epistemological and societal changes wrought by new information technologies and globalization (the postmodern state of "supercomplexity" [Barnett 2000] ) and with government cutbacks in funding for education, universities have lost their place at the center of the cognitive complex. This new condition-part of what sociologists of knowledge call "Mode 2"-has seen a "proliferation of many knowledge producers working in the context of application . . . in this situation the university is no longer the primary site of knowledge production, having been challenged by a range of new knowledge producers" (Delanty 2001, 3) . For universities, Mode 2 has meant having to compete against other knowledge producerslike think tanks or for-profit consulting firms-for government funding and other societal resources. The consequences of this competition include an emphasis on entrepreneurship and efficiency in the academy; the development of new funding alliances between the university, the state, and private industry; a valorization of instrumentalism and utility in research; and calls for increased accountability of the university to the public (Barnett 2000; Delanty 2001 ). Such consequent trends-what Delanty (2001) calls the "new managerialism" or "academic Taylorism"-have occurred for universities all over the world: for example, they have been noted by authors in the United States (Lynton and Elman 1987) , Canada (Abu-Laban 1989), Australia (Trotman and Robertson 1992) , Britain (Bridges 1998) , and Mexico (Ibarra-Colado 2001). For some scholars, Mode 2 has led to a loss of traditional academic autonomy-the end of the tenure system, the promotion of scholarship that is geared toward satisfying customer demand over disciplinary needs or individual curiosity (Rappert 1997; Trotman and Robertson 1992) ; for others, it has resulted in an uncomfortable disjunction between the new expectations and the old discipline-driven modes of work, including the persistence of discipline-based criteria for reward and advancement (Lynton and Elman 1987) .
The barriers to knowledge transfer described earlier in this review may be understood as manifestations of such a disjunction. That is, while engagement in knowledge transfer activities has become a Mode 2 expectation for university-based researchers, many academic units continue to operate under historical (Mode 1) conditions that emphasize the primacy of disciplinary authority. The importance of knowledge transfer may be endorsed in rhetoric, but rewards and resources (and thus priorities) reflect the enduring value accorded more traditional academic activities.
New Models for the University
Recognition of the inconsistency between Mode 1 (traditional, disciplinebased) conditions and Mode 2 expectations and the impact of this inconsistency on university-based researchers has led to several efforts to consider new models for the academy. In general, these new models describe organizational changes designed to harmonize incentives and expectations, improve access to user groups, and increase the resources available for knowledge transfer activities.
In New Priorities for the University, authors Lynton and Elman (1987) explore what they call the "extended model of universities" (p. 15), including a vision of extended scholarship that parallels the current idea of knowledge transfer. They argue that as demands for knowledge have become more utilitarian, Universities must realize that the effective attainment of their scholarly mission calls for a complex and interactive process with their constituencies . . . scholarly work needs to be part of a variety of interrelated activities that link the research efforts to their eventual applications and that produce a two-way flow of continuous feedback and adaptation. (pp. 27-28) To facilitate this new kind of work, universities must make structural and organizational changes that promote three kinds of activities: (1) communication between the producers of knowledge and the users of knowledge, (2) brokering and negotiation of knowledge transfer arrangements, and (3) the delivery of knowledge. For example, the authors recommend that universities raise their profiles among communities of potential user groups by establishing information centers, extension agents, or other mechanisms for building community awareness, comprehension, and access; they suggest that Jacobson et al. / KNOWLEDGE TRANSFER ACTIVITIES 251 university offices of grants and contracts expand their missions to administer arrangements with nontraditional partners like community-based human services agencies or other nongovernmental organizations; and they explore different structural models-for example, issue versus client-centered research institutes-for promoting the conduct of research and the sharing of knowledge. Lynton and Elman also note the need for "changes in the current system of priorities, values, and incentives . . . if the new categories of scholarly work . . . are to be adequately documented, evaluated, and rewarded" (p. 32).
In view of this need for change, the American Association of Higher Education and the Carnegie Foundation for the Advancement of Teaching have produced a number of publications that examine innovative ways of defining, evaluating, and rewarding "new" forms of scholarship like knowledge transfer (e.g., see Diamond and Adams 2000; Driscoll and Lynton 1999; Glassick, Huber, and Maeroff 1997; Rice 1996) . In academic medicine, where many faculty members combine academic pursuits with clinical practice and other activities that are less easily evaluated using traditional criteria, there have been several reports of attempts to revise promotion and tenure procedures to better accommodate knowledge transfer-type activities (Marks 2000; Nora et al. 2000) . Both of the reports cited, for example, draw on Boyer's (1990) typology of scholarship-which includes the scholarship of discovery, the scholarship of integration, the scholarship of application, and the scholarship of teaching-to expand their definitions of what should count when judging work worthy of reward by promotion or tenure.
Several authors have pointed to the U.S. tradition of land grant universities and cooperative extension as models for promoting knowledge transferrelated activities (e.g., Bogenschneider et al. 2000; McCall 1996) . Land grant universities were innovations of the mid-nineteenth century, when the federal government made large grants of lands to the states with the proviso that the proceeds of those lands be used to support the development of public universities. As part of their mission, these universities were to make the expertise of their personnel available to the community-particularly to farmers who might put new scientific research in fields like botany and animal husbandry to immediate use. In time, the idea of extension grew larger than the field of agriculture; in the early twentieth century, for example, the contributions of the University of Wisconsin's academic departments to the state's development and implementation of Progressive Era social policies led to Wisconsin's reputation as "the university that runs a state" (Buenker 1998) .
In 1999, the Kellogg Commission on the Future of State and Land-Grant Universities, a group composed of high-level administrators from many land grant institutions, issued a report calling for a "return to our roots": "engaged institutions" that build collaborative and mutually beneficial relationships with communities, government, and the private sector for the purposes of identifying and solving "real world" problems. The Commission generated a list of seven qualities that characterize the engaged institution-responsiveness, respect for partners, academic neutrality, accessibility, integration of engagement into institutional mission, coordination, and adequate resources-qualities that ideally are manifested in university structures, policies, and practices around issues like communication, incentives, community-based research, human resource allocation, administrative oversight, and funding.
The report of the Kellogg Commission on the Future of State and LandGrant Universities (1999a) and the Kellogg Commission Third Working Paper (1999b) include many illustrations of such structures, policies, and practices that have been implemented at American universities. Portland State University, Oregon, has established a Center for Academic Excellence that is focused on community-based learning and teaching. The Center's leadership includes a director of Community/University Partnerships whose role is to "provide assistance and support to [University] faculty engaged in curricular innovations and community partnership activities" (Kellogg Commission Third Working Paper 1999b, 48). The University of California at Davis conducts collaborative research, outreach, and education programming with several state agencies under the terms of partnership agreements that are spelled out in formal memoranda of understanding. Many universities, including Rutgers, Pennsylvania State, and Arizona State, have devised new engagement-based criteria to be used in faculty evaluation processes.
This development of evaluation criteria for individuals is mirrored by the development of evaluation criteria for institutions. The Kellogg Commission cites Holland's (1997, cited in the Kellogg Commission on the Future of State and Land-Grant Universities 1999a) matrix of "level of commitment to service" and an abbreviated version of Gelmon et al.'s Gelmon Assessment Approach (1997, cited in the Kellogg Commission on the Future of State and Land-Grant Universities 1999a) as tools useful for assessing engagement in universities. Holland's matrix lists seven organizational indicators-mission; promotion, tenure, and hiring; organizational structure; student involvement; faculty involvement; community involvement; and campus publications-and describes the status of these indicators at several levels of commitment. The Gelmon Approach suggests indicators like universitycommunity partnerships, impact of service learning on the preparation of health professionals, faculty commitment, institutional capacity, and impact on community partners. It includes specific measurement strategies for quantitatively assessing each indicator.
Five Domains of Organizational Policy and Practice
This review suggests that there are five interrelated domains of organizational policy and practice that may be important to promoting (or impeding) university-based researchers' engagement in knowledge transfer:
Promotion and tenure guidelines. As suggested by our focus groups and the observations of many other authors (e.g., Coburn 1998; Crosswaite and Curtice 1994; Shaperman and Backer 1995) , promotion and tenure guidelines, and researchers' perceptions of these guidelines, seem to play an important part in decisions to engage in knowledge transfer activities. That is, when compensation and career advancement are based mainly or solely on traditional disciplinary activities, scholars are not likely to make major commitments to knowledge transfer. Recognition of the importance of promotion and tenure has meant that considerations of ways to revise promotion and tenure criteria have been central to the broad efforts to make universities and university personnel more responsive to the needs of their communities (e.g., Boyer 1990; Glassick, Huber, and Maeroff 1997; Lynton and Elman 1987) .
Resources and funding. Scholars engaged in knowledge transfer recognize that transfer-related activities require an array of organizational resources, including provision of structured and informal opportunities for meeting and networking with user groups (linkage), skills training in areas like plain language communication and understanding user context, and administrative support for developing contracts or memoranda of understanding (Lavis et al. 2003) . Similarly, knowledge transfer activities require funding in the form of money for direct costs (e.g., costs associated with producing and disseminating a pamphlet or convening a meeting) or indirect expenses (e.g., coverage for course release time). Many authors have noted that the lack of such resources and funding can present a barrier to engagement (Coburn 1998; Crosswaite and Curtice 1994; Davis and HowdenChapman 1996; Huberman 1983; Johnson 1980) . Frenk (1992) argues that the relevance of research organizations is largely a structural phenomenon. The literature contains a number of examples of ways in which universities and other research organizations have attempted to promote knowledge transfer by developing new internal structures. Engagement in knowledge transfer seems to be facilitated by the organization of dedicated units-centers or institutes-with mandates to engage specific user groups or specific topics (e.g., Bogenschneider et al. 2000; Coburn 1998 ). Other structural facilitators may include offices of 254 SCIENCE COMMUNICATION research transfer, or the appointment of administrators charged with promoting knowledge transfer (Kellogg Commission 1999b), or the development of bridging positions like that of knowledge broker (Goering, Butterill, Jacobson, and Sturtevant 2003) .
Structures.
Knowledge transfer orientation. As noted earlier in this review, despite the new expectations that urge engagement in knowledge transfer, many researchers still accord it a low priority. We have posited that the priority status of knowledge transfer activities for individuals is, in part, a result of organizational priorities as manifested in policies and practices. Thus, we argue that the underlying organizational policies and practices (like promotion and tenure guidelines) should shift. Additionally, organizations need to promote knowledge transfer by committing to it in tangible and visible ways. For example, an academic organization may demonstrate a commitment to knowledge transfer by recruiting staff that have transfer-related knowledge and skills, making knowledge transfer training available to students, and emphasizing knowledge transfer in its operational plans and mission statements.
Documentation. Finally, making the practice of documenting knowledge transfer activities standard and routine is necessary for integrating knowledge transfer into individual-level promotion and tenure decisions (Diamond and Adams 2000; Driscoll and Lynton 1999; Glassick, Huber, and Maeroff 1997) and organizational-level planning and evaluation procedures that come with a broad-based knowledge transfer orientation (Kellogg Commission 1999a; Lynton and Elman 1987).
Conclusion: Implications for Research and Policy
The imposition of Mode 2 expectations on Mode 1 structures and values means that widespread engagement in knowledge transfer activities by university-based researchers will come about only when there are changes to those structures and values as they are manifested in the organizational policies and practices of academic institutions. This review suggests key areas in which we hypothesize that intervention may be most effective. Of the five domains described, changes to the criteria applied in promotion and tenure decisions would seem likely to have the most immediate effect, but to have a lasting impact such changes must be supported by improvement in the knowledge transfer infrastructure-funding and resource availability, training opportunities, and so forth-at universities. Focusing only on promotion and tenure guidelines risks turning knowledge transfer into a matter of individual-level motivation rather than organizational-level commitment.
Clearly, more investigation of the factors that promote or impede engagement in knowledge transfer is needed. First, we would call for qualitative, exploratory research to develop a more complete typology of organizational factors that influence engagement in knowledge transfer and to understand the mechanics of how these factors affect individual decisions and choices. Second, quantitative evaluations are needed to assess the extent to which changes in the identified domains actually improve the quantity and quality of university-based researchers' knowledge transfer efforts. Defining quality in knowledge transfer and developing measurable indicators for assessing it are, of course, necessary preconditions for completing such evaluative work. Funding agencies that are now calling on applicants to emphasize knowledge transfer in their proposals can facilitate more and more effective transfer by supporting this basic research into the process.
Once the effectiveness of different intervention strategies is understood, the task will shift to wide-scale implementation. As the literature on organizational transformation in higher education (e.g., Gourley 1999; Ramaley 1996; Zell 2003) suggests, because of their complexity and their longstanding tradition of disciplinary autonomy, changes in universities can be slow and painful. In addition, the knowledge transfer expectation has coincided with a number of other challenges to academia and academics-challenges like budget crises and increased "corporatization" and commodification in universities (Steck 2003; Willmott 1995) . The opportunity to promote knowledge transfer for the good of society (rather than for corporate enrichment) risks being lost in the general defensive reaction.
We should not expect, however, that we can maximize knowledge transfer by changing organizational policies and practices only in academic institutions or other organizations that are devoted to knowledge production. As is implied by the interactive model of knowledge transfer, the process is a mutual, reciprocal one. Users and user organizations as well face internal, structural barriers to their engagement in knowledge transfer. Thus, they too should be examined and, where necessary, transformed.
